Introduction
============

Amyloidosis comprises a group of disorders that share the ability to accumulate modified autologous proteins in certain organs ([@B01]). Such proteins, or amyloid deposits, undergo changes in their structural conformation and become insoluble and alter the architecture and function of the compromised organ ([@B02]). As a rare disease, the epidemiology of amyloidosis in the general population is not well known ([@B03]), but the incidence of renal amyloidosis ranges from 0.7 to 4.8% in kidney biopsy studies worldwide ([@B03]--[@B06]), with this number approaching 2.3% in Brazil ([@B07],[@B08]). Kidneys are often affected in systemic amyloidosis and the deposits can be detected in the glomeruli, tubulointerstitial tissue, or even blood vessels ([@B09]). Primary amyloidosis is related to blood cell dyscrasia and deposition of immunoglobulin light chains (AL), whereas secondary amyloidosis is associated with chronic inflammatory disorders and consequent deposition of protein A (AA) ([@B10]). Other less common types of amyloidosis include hereditary amyloidosis; however, it is possible to group such disorders as AL and non-AL using immunofluorescence for Kappa and Lambda light chains ([@B04] [@B05]). Immunofluorescence can be used to easily identify AL cases in fresh tissue provided from routine kidney biopsies, while immunohistochemistry for amyloid A protein requires a specific marker rarely available in pathology services.

The clinical presentation of renal amyloidosis is mainly characterized by proteinuria in patients older than 50 years of age. Many of these patients have histories of hypertension at diagnosis, likely as a comorbidity of nephrogenic origin. Loss of renal function may also be present and hematuria is occasionally reported ([@B11]). Despite the presence of amyloid deposits in the three renal compartments (glomeruli, tubulointerstitial tissue, and vessels), few authors have studied their compartmental histopathological distribution and possible associated clinical outcomes ([@B09],[@B12]--[@B16]). Semiquantitative analysis is useful for measuring microscopy findings, but it has not been routinely applied for quantification of amyloid deposits in renal compartments ([@B17]). The objective of this study was to present a case series of renal amyloidosis correlating the histopathological data of the amyloid deposits with different glomerular filtration rates during renal biopsy.

Material and Methods
====================

We retrospectively studied patients with proven renal amyloidosis biopsies from 2000 to 2018 at the Antonio Pedro University Hospital (Federal Fluminense University/Niteroi), a public regional reference center to kidney biopsies (metropolitan region II) in Rio de Janeiro State, Brazil. The study was approved in accordance with Brazilian ethical standards and legislation on human studies (CAAE05460713.0.0000.5243). Paraffin blocks from renal amyloidosis cases were obtained from the pathology department archives to be reviewed depending on their availability or technical suitability. Serial sections, 3-μm thick, were newly stained with hematoxylin-eosin (HE), periodic acid Schiff (PAS), Masson trichrome (MT), and silver methenamine stain (PASM). Additional 7-μm-thick cuts were stained with Congo red using the Highman technique and light microscopy analysis was performed under dark field and polarized light. Information about the previously performed immunofluorescence microscopy on frozen tissue was obtained from the renal biopsy reports when available to classify the cases as AL or non-AL, as previously described in literature ([@B04]). Immunofluorescence showed AL amyloid positivity for the corresponding light chain (Kappa or Lambda) in a smudgy pattern. Conversely, in non-AL, immunofluorescence showed no specific staining. Clinical and laboratory data were also obtained from the medical records at the time of renal biopsy, including sex, ethnicity, age, 24-h proteinuria, presence or absence of hematuria, presence or absence of history of hypertension, and serum creatinine. Information on history of hypertension was obtained from the biopsy requirement sheet form sent to the Pathology Service. There was no detail on how long the patients were hypertensive but rather that they had hypertension with ongoing treatment prior to renal biopsy for diagnosis of amyloidosis.

We semi-quantitatively categorized the degree of glomerular, tubulointerstitial, and vascular deposits and the degree of arteriosclerosis, interstitial fibrosis, and inflammatory infiltrate. For semiquantitative analysis, the extent of amyloid deposition in each of these compartments (glomeruli, tubulointerstitial tissue, and blood vessels) was classified as scores: 0) absent; 1) mild (less than 25%); 2) moderate (from 25 to 50%); and 3) severe (greater than 50%) ([@B13],[@B17]). For practical purposes and categorical analysis, a score ≥2 (moderate to severe changes) was empirically chosen as a cutoff point representing a very consistent way of grading and estimating lesions. Of the total number of glomeruli present in each biopsy, we determined the percent of globally sclerotic glomeruli. These histopathological characteristics were collaboratively evaluated by two renal pathologists (EOF and MLRC) who considered the sample adequacy (total number of glomeruli), dye affinity of amyloid deposits (HE, PAS, MT, PASM), and birefringence (CR stained sections under polarized light). This approach allowed us to semi-quantitatively relate the scores to the presence of amyloid deposit within glomeruli, tubulointerstitial tissue, and blood vessels. [Figure 1](#f01){ref-type="fig"} illustrates the appearance of amyloid deposits in the renal tissue.

![Representative photomicrographs illustrate amyloid deposits in renal compartments. **A** and **B**, glomeruli; **C** and **D**, tubulointerstitial tissue; **E** and **F**, vessels. On the left, amyloid deposits can be identified with Congo red. On the right, the same respective areas observed under dark field and polarized light, showing amyloid deposits with characteristic birefringent effect. Scale bars: **A** and **B**, 100 μm; **C** and **D**, 200 μm; **E** and **F**, 50 μm.](1414-431X-bjmbr-53-6-e8625-gf001){#f01}

Renal function is reported by glomerular filtration rate (GFR), and estimated according to age, gender, and serum creatinine, according to the CKD-EPI equations for GFR ([@B18],[@B19]). We divided the cases into two groups to separate cases with mild chronic renal insufficiency from those with moderate or severe chronic renal insufficiency: Group A: GFR above or equal to 60 mL·min^-1^·(1.73 m^2^)^-1^ (CKD stages I and II; mild CKD cases); and Group B: GFR below 60 mL·min^-1^·(1.73 m^2^)^-1^ (CKD stages III, IV, and V; moderate and severe CKD cases). As mentioned previously, this empirical approach was made because that cutoff would accurately represent an evident loss in renal function in group B, helping us to perform further statistical analysis and between-groups comparisons.

Data are reported as means±SD for continuous variables and percentages for categorical variables. We performed the Fisher's exact test on categorical variables. For continuous variables whose normality could not be assumed, the non-parametric Mann-Whitney *t*-test was chosen. After selection of a previous P value \<0.1 in the descriptive analysis as the first step, we performed a stepwise binary logistic regression model with GFR as dependent variable (outcome) to estimate odds ratio. A P value ≤0.05 was considered statically significant.

Results
=======

We investigated 53 histological cases of renal amyloidosis confirmed by two nephropathologists, from January 2000 to December 2018. We could not obtain an estimated GFR in four cases. Therefore, 49 cases were used in this study, comprising 53.1% males and 46.4% Caucasian, with a mean of age of 55.8±12.9 years. After division into two groups according to the e-GFR cutoff of 60 mL·min^-1^·(1.73 m^2^)^-1^ as explained previously, we obtained 17 patients in Group A and 32 patients in Group B. In Groups A and B, the e-GFR means±SD were 82.3±14.8 mL·min^-1^·(1.73 m^2^)^-1^ and 28.1±17.3 mL·min^-1^·(1.73 m^2^)^-1^, respectively.

There was no difference in age, gender, proteinuria, presence of hematuria, or presence of AL amyloid protein between Groups A and B. However, the percentages of globally sclerotic glomeruli and history of high blood pressure were significantly higher in Group B (P=0.01 and P=0.02, respectively). Glomerular sclerosis here refers to the collagen deposit, while glomerular amyloid deposits are characterized by the apple-green birefringence using Congo red staining. Histopathological semiquantitative scores were determined using a categorical cutoff score ≥2 as described in Methods. We found no statistical differences between Group A and Group B for arteriosclerosis, interstitial fibrosis, and interstitial inflammatory infiltrate.

Using Congo red staining associated to dark fields and polarized light, we applied the same scoring approach to quantify the extension of amyloid deposits in the renal tissue compartments. Interestingly, we found no differences in the extension of glomerular amyloid deposits and interstitial amyloid deposits. However, we found greater vascular amyloid deposition in a significantly higher percentage of cases in Group B (P=0.01). [Table 1](#t01){ref-type="table"} shows the clinical and histopathological findings and comparisons between the two groups.

Table 1Clinical, laboratory, and histological characteristics of renal amyloidosis patients according to chronic kidney disease stage groups at biopsy.ParametersGroup A (≥60)Group B (\<60)P valueAge (years), mean±SD (n)53.2±15.4 (17)57.2±11.3 (31)0.35Proteinuria (mg/24h), mean±SD (n)6859±4888 (14)5411±4528 (28)0.36Globally sclerotic glomeruli, % mean±SD (n)3.9±6.8 (15)12.9±16.8 (29)0.01Gender, male/female (% males)10/7 (58.8%)16/16 (50.0%)0.76Ethnicity, Caucasian/not (% Caucasians)5/5 (50%)8/10 (44.4%)1.00Hematuria, yes/no (% yes)3/10 (23.1%)12/16 (42.8%)0.30AL amyloid, yes/no (% yes)9/6 (60.0%)18/8 (69.2%)0.73History of hypertension, yes/no (% yes)5/9 (35.7%)20/7 (74.1%)0.02Arteriosclerosis score ≥2, yes/no (% yes)0/15 (0.0%)3/27 (10.0%)0.54Interstitial inflammation score ≥2, yes/no (% yes)2/14 (12.5%)8/21 (27.6%)0.29Interstitial fibrosis score ≥2, yes/no (% yes)3/13 (18.8%)6/23 (20.7%)1.00Glomerular deposits score ≥2, yes/no (% yes)11/5 (68.7%)19/10 (65.5%)1.00Vascular deposits score ≥2, yes/no (% yes)2/14 (12.5%)16/13 (55.2%)0.01Interstitial deposits score ≥2, yes/no (% yes)1/15 (6.3%)3/27 (10.0%)1.00[^1]

After a previous P\<0.1 in the descriptive analysis, the following variables were selected: globally sclerotic glomeruli, high blood pressure, and extension of vascular amyloid deposition ([Table 1](#t01){ref-type="table"}). In the last step, a model of binary logistic regression model with GFR as the dependent variable revealed history of hypertension (OR=10.0; 95%CI=1.7-59.4; P=0.011) and vascular amyloid deposits (OR=11.9; 95%CI=1.6−89.7; P=0.016) to be robust and independent predictors of renal insufficiency. [Table 2](#t02){ref-type="table"} shows the binary logistic regression results.

Table 2Binary logistic regression results.ParametersWaldBSEOdds ratio95% CIP valueLowerUpperHistory of hypertension6.4572.310.90710.0321.69459.3990.011Vascular amyloid deposits5.8142.481.02911.9521.59189.7840.016Percentage of globally sclerotic glomeruli1.5810.060.471.0610.9671.1650.209[^2]

Discussion
==========

This paper aimed to investigate the impact of clinical and histological findings on renal survival of patients with biopsy-proven renal amyloidosis. For this, we studied a series of patients with renal amyloidosis in whom we observed a strong correlation between the degree of GFR and the presence of history of hypertension or the amount of amyloid deposits in renal small vessels. The statistically significant association between vascular amyloid deposits and worst GFR, a previously controversial finding in the literature, was the most intriguing point in our study. It would be worth knowing if these patients would have a worse prognosis, with a more rapid evolution to dialysis, renal transplantation, or even death. Clinical and morphological correlations related to renal amyloidosis have previously been reported, with some studies using quantitative or semiquantitative methods ([@B17],[@B20]). These studies included the presence of vascular deposits but used different methods to estimate renal function, sometimes even without an estimated GFR ([@B12],[@B15],[@B21]) or presenting conflicting results in terms of statistical significance ([@B09],[@B13]). Therefore, we do not have a substantial number of detailed and carefully-planned studies that address the distribution of amyloid deposits in the three renal compartments and their possible association with fundamental clinical variables such as GFR.

It was previously described that vascular deposits could correlate with high blood pressure ([@B10]), although we did not observe this correlation in our study. Others studies also reported that patients with amyloid confined to the tubulointerstitial tissue and vasculature presented lower levels of GFR ([@B22]). However, a study describing AA amyloid renal involvement in rheumatoid arthritis found no deterioration of serum creatinine and binding urea nitrogen (BUN) in a 5-year follow-up period when the pattern was exclusively vascular ([@B14]). We suspect that findings like vascular amyloid deposition could indicate disease activity in the context of renal amyloidosis. More traditional findings of chronicity acting as confounders like glomerulosclerosis degree, interstitial fibrosis percentage, and the arteriosclerosis index could be simply linked to aging or we must start facing renal amyloidosis also as a disease of small vessels, not only as a glomerular disease ([@B21]).

We emphasized here the importance of using e-GFR and the CKD stages when we aimed to understand the effects of deposits or other elements on renal function, a determining factor for understanding the degree of renal disease and patient severity. This allowed us to divide the patients into two groups according to CKD classification, above or below CKD stage III. The distribution among groups A and B did not obey a case-control study design, such that the choice of the GFR value that divided the two groups was empirical. Most cases with low e-GFR were closely correlated with high blood pressure, a well-known mechanism in chronic kidney disease progression ([@B23]). Longitudinal studies have observed that renal function was a weak predictor of prognosis and overall survival after the time of biopsy diagnosis ([@B24],[@B25]), including the accelerated progression of renal dysfunction ([@B26]) and e-GFR \>60 mL·min^-1^·(1.73 m^2^)^-1^ as a low-risk factor for a shorter survival ([@B27]). Regarding the diagnosis of AL or non-AL subtypes, we did not observe association with renal dysfunction. Similarly, no difference was observed between the survival curves of AL and AA patients and survival rate at 5 and 10 years was similarly small for both subtypes ([@B17]), although there are conflicting results in other studies with a great influence of the presence of end stage kidney disease ([@B11],[@B28] [@B29]--[@B30]).

Descriptive histopathological classifications and scores are important for kidney biopsy because clinicians usually expect not only the diagnosis itself, but also some parameters that could help in patient management. Unfortunately, in cases of renal amyloidosis, the extra glomerular compartments are not routinely detailed in terms of amyloid deposit extent or distribution, which may limit these possible clinical interpretations. This work highlighted the importance of describing amyloid deposit extent in the renal compartments and including these descriptions and scores in renal pathologists' routine biopsy reports. Indeed, these ideas are not recent and some efforts have been already made. For example, glomerular renal amyloidosis classifications have been proposed, based on extension and distribution of amyloid deposits ([@B20],[@B31] [@B32]--[@B33]). However, these approaches have not yet been fully validated for clinical outcomes. Additionally, some studies have analyzed the amyloid distribution with regards to three patterns -- predominant glomerular, vascular, or tubulointerstitial deposits ([@B09]), or mentioning only two patterns of deposit distribution -- exclusively glomerular or vascular ([@B12]).

Sen and Sarsik created an interesting renal amyloidosis classification that echoes morphological aspects of the lupus nephritis classification, which also adopted a quantitative glomerular approach ([@B20]). They defined six glomerular involvement classes, from minimum mesangial deposits to diffuse mesangiocapillary pattern (they also included a membranous pattern as lupus nephritis class V). This classification is more descriptive, mainly based on glomeruli, and is sometimes static. However, it has not been validated for clinical outcomes and our focus was not on the morphological glomerular aspect, thus we did not use these parameters. We have adopted a simple and useful way to semi-quantify the kidney tissue, focusing on all three compartments (glomerular, tubulointerstitial, and vascular). Each was evaluated separately and following an increasing score according to the amyloid deposit amount, which allowed us to quantify each compartment. Moreover, we could then apply a statistical mathematical model to create inferences that could easily test a clinical hypothesis. Surprisingly, beyond the glomeruli, the vascular amyloid deposit is important when considering renal function as obtained by e-GFR.

In our study, information on history of hypertension was obtained from patient records during kidney biopsy. Obviously, it is unclear whether this history resulted from a disease prior to or secondary to amyloidosis. It is essential to emphasize here some conceptual points. A history of systemic arterial hypertension is often found in many advanced age individuals generally as an already-present comorbidity. Thus, arterial hypertension may have been present for some years even before the amyloidosis diagnosis. Nephrogenic hypertension related to loss of renal function may also be observed, which may therefore have an indirect association with renal amyloidosis ([@B11]). Hypotension in AL patients is much more frequent than in AA. It is usually due to orthostatic hypotension, which is mainly seen as a consequence of neural impairment or even of treatment ([@B34] [@B35]--[@B36]). Still, only about 15% of patients with AL will develop neural changes ([@B36],[@B37]). However, the kidney is one of the most affected organs in AL amyloidosis (as in AA) ([@B26]). From this perspective, few patients with AL-type renal amyloidosis will have hypotension because they will not necessarily have neural involvement along with renal involvement. Several studies of renal amyloidosis report a considerable percentage of hypertensive patients. This may be related to comorbidity in elderly individuals, nephrogenic origin in those with renal dysfunction, and even the presence of vascular deposits detailed in this study and only briefly cited in others ([@B06],[@B10],[@B36],[@B38]). In our study, renal impairment stands out in both AL and AA, while neural impairment (a cause of hypotension in AL patients) occurs in a minority of cases, as observed in our series.

This is a relatively large series (53 cases) in which the inclusion criterion was the diagnosis of amyloidosis in renal biopsy and the main aim was to study the GFR decrease. This is a different situation from systemic amyloidosis seen in the internal medicine setting or even to cases with isolated nephrotic syndrome and preserved GFR. It is noteworthy that history of hypertension can be seen in our findings as a separate marker to the presence of vascular deposits concerning loss of renal function. Each marker has its own power to be an independent factor in predicting GFR loss, as observed in our statistical model. It's important to emphasize that we have no evidence in this study concerning a direct correlation between vascular deposits and arterial hypertension. However, the question concerning the effect of vascular amyloid deposits interested us. We believe that renal biopsies reports should include this amyloid semiquantitative analysis of renal compartments. Thus, from then on, we would start a new way of approaching renal outcomes from the tissue and from the diagnosis of renal amyloidosis. This is our study's biggest contribution: highlighting that longitudinal studies and renal outcomes of renal amyloidosis should be proposed, despite the difficulty of dealing with a relatively rare disease, which would require multicenter studies.

There are some limitations in our study, it was a retrospective case series, with a considerable number of patients. However, we faced an uncommon disease. Our study comprises most cases of amyloidosis diagnosed by renal biopsies reviewed by nephropathologists in our region in the last 18 years. Additionally, the database comprised most histopathological details, including semiquantitative analysis of the amyloid deposits per renal compartment and other findings such as the amyloid subtype, fibrosis, interstitial infiltrates, atherosclerosis, and glomerular sclerosis. We obtained good insights into key clinical nephrology findings, such as proteinuria, history of hypertension, hematuria and, most especially, an estimated GFR using the CKD-EPI formula. We only performed cross-sectional associations between clinical and pathological variables, so these findings need to be confirmed by larger longitudinal and prospective studies.

In conclusion, beyond promoting a diagnosis of amyloidosis and their subtypes, renal biopsy may also suggest prognostic factors closely correlated to renal function. Unlike other diseases such as lupus nephritis and IgA nephropathy, for which we have clear and clinically-related histological classification parameters, histopathological reports of renal amyloidosis could possibly indicate a specific prognosis, for example. This approach could provide new insights and highlight more clinically-useful information, such as the fact that vascular amyloid deposits are independent predictors of renal dysfunction in cases of renal amyloidosis.
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[^1]: Group A (≥60): GFR above or equal to 60 mL·min^-1^·(1.73 m^2^)^-1^ (CKD stages I and II). Group B (\<60): GFR below 60 mL·min^-1^·(1.73 m^2^)^-1^ (CKD stages III, IV, and V). For continuous variables, the Mann-Whitney test was used and for categorical variables, Fisher's exact test was used. CKD: chronic kidney disease; n: number; SD: standard deviation; AL: light chain amyloidosis. For categorical variables, we report the exact number of events (yes/no) by parameter in each line.

[^2]: Regression equation: GFR \<60 = -1.5 + 2.3 (presence of hypertension) + 2.5 (vascular amyloid deposits score ≥2). CI: confident interval; B: coefficient; SE: standard error; GFR: Glomerular filtration rate.
